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^ , Stellar photometry of nearby irregular galaxies of the Local Group is used to identify and study 
t— i \ the young and old stellar populations of these galaxies. An analysis of the spatial distributions of 
stars of different ages in face-on galaxies shows that the young stellar populations in irregular galaxies 
>- ■ are concentrated toward the center, and form local inhomogeneities in star-forming regions, while the 
old stellar populations-red giants-form extended structures around the irregular galaxies. The sizes 
! of these structures exceed the visible sizes of the galaxies at the 25 m /arcsec 2 isophote by a factor of 
two to three. The surface density of the red giants decreases exponentially from the center toward 
' the edge, similar to the disk components in spiral galaxies. 
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a : 1 INTRODUCTION 

i 1 

o : 

Dwarf irregular galaxies are the most numerous of all observed galaxies. Their absolute luminosities 
lie in the interval from Mb = — 9 m to Mb = — 18 m . Such galaxies usually have higher hydrogen 
contents than other types of dwarf galaxies, and are host to sometimes very intense star-forming 
processes. A very energetic burst of star formation may promote a galaxy to the class of blue 
compact dwarf galaxies. Many bright irregular galaxies exhibit signs of weak spiral arms, which are 
especially prominent in the distribution of neutral hydrogen, as is the case, e.g., in HoII [1] and IC 
10 [2]. 

In this paper, we do not study normal spiral galaxies, which have higher masses and rotational 
velocities than irregular galaxies, although the dividing line between irregular and spiral galaxies is 
fairly arbitrary. 

In his classification [3], Hubble introduced the class of irregular galaxies as a sort of a "wastebas- 
ket" for all the objects that could not be classed as spirals, ellipticals, or lenticulars. As is clear from 
their name, irregular galaxies have no regular shape. However, much observational data has been 
collected since the Hubble classification of galaxies was first adopted, and many of the initial views 
about the morphology and physical parameters of galaxies have evolved. 

Hodge and Hitchcock [4] were the first to suggest, based on measurements of the apparent sizes 
of 131 galaxies, that irregulars may have flattened shapes. Some authors had expressed similar 
ideas before [3], but produced no corroborative observational evidence. Later, radio observations 
established that irregular galaxies rotate, thereby putting them together with spiral galaxies in the 
group of axisymmetric objects. However, the spatial stellar structure of irregular galaxies remained 
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Table 1: Face-on galaxies 



N 


Name 


R.A. (2000.0) Dec. 


Type 


Size,(arcmin) 


Magnitude 


1 


K52 


08 23 56.0 +71 01 46 


I ? 


1.3x 0.7 


16.5 


2 


DD053 


08 34 07.2 +66 10 54 


Im 


1.5x 1.3 


14.5 


3 


K73 


10 52 55.1 +69 32 47 


Im 


0.6x 0.4 


14.9 


4 


GR8 


12 58 40.4 +14 13 03 


ImV 


l.lx 1.0 


14.7 


5 


HIPASS1321-31 


13 21 08.2 -31 31 45 


Im 


0.7x 0.5 


17.0 


6 


DEEP1337-33 


13 37 04.3 -33 21 51 


Im 


0.3x 0.3 


16.8 


7 


PGC48111 


13 37 20.0 -28 02 42 


Im 


1.3x 1.0 


15.0 


8 


HIPASS1337-39 


13 37 26.0 -39 53 47 


Im 


0.6x 0.5 


16.1 


9 


UGC8833 


13 54 48.7 +35 50 15 


Im 


0.9x 0.8 


16.5 


10 


DD0187 


14 15 56.5 +23 03 19 


ImV 


1.7x 1.3 


14.4 


11 


DDO190 


14 24 43.4 +44 31 33 


IAm 


1.8x 1.8 


13.2 


12 


UGCA438 


23 26 27.5 -32 23 20 


IBm 


1.5x 1.2 


13.9 



unclear, since their images exhibited chaotically scattered regions of bright young supergiants, while 
the old stellar populations were detectable only near the telescope limits in Local-Group galaxies. 

A new era in the study of galaxies began in the 1980s with the advent of new detectors with 
high quantum efficiency-CCDs. Surface photometry has established that irregular galaxies show 
exponential radial brightness decreases [5, 6] similar to those observed for the disk components in 
spiral galaxies, suggesting a similarity between spiral and irregular galaxies. 

Photoelectric color measurements of galaxies of various types show that irregular galaxies become 
redder toward their edges. This was easy to understand, since it was already known even at the time 
of Baade [7] that the peripheral regions of irregular galaxies in the Local Group are populated by a 
considerable number of red giants, which are visible on the Palomar plates. This suggested that other 
irregular galaxies might have a similar structure. The distribution of red giants in irregular galaxies 
is often described using the term "sheet," introduced by Baade, or "halo," used in modern papers. 
The use of different terms leads to confusion in descriptions of galaxy morphology. Whereas the 
term "sheet" means simply a stellar distribution with a low surface-density gradient, "halo" implies 
a spherical distribution of stars around the associated galaxies. 

We believe that the use of the term "halo" for irregular galaxies is incorrect, because, as we show 
below, most irregular galaxies possess only an extended thick disk, which can be mistaken for a halo. 
Only massive galaxies have a genuine more extended halo in addition to the thick disk. 

Deep images have been taken for all galaxies in the Local Group and a few dozen other nearby 
galaxies. These show both bright, young supergiants and fainter red giants. The spatial distribution 
of stars of various types has been studied in several irregular galaxies [8-14] . 

The most detailed of these studies showed that: 

(a) The distribution of red giants extends well beyond the 25 m /arcsec 2 limit commonly used to 
define the galaxy sizes; 
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(b) In the few cases when the corresponding measurements were made, the density of red giants 
was found to decrease exponentially from the center of the galaxy towards the edge, similar to the 
disk components in spiral galaxies. 

Minniti and Zijlstra [8, 12] interpreted the extended distributions of red giants in the galaxies 
WLM and NGC 3109 as evidence for halos, i.e., spheroidal distributions of stars. However, this 
conclusion is not justified, since they did not report the measured distribution of red giants along the 
major axis of the galaxy. Establishing the real spatial distribution of stars requires detailed studies 
of individual galaxies, and analyses of a representative sample of galaxies are needed to eliminate 
effects due to features associated with individual galaxies. 

2 SELECTION OF OBJECTS AND OBSERVATIONS 

Studies of the spatial structures of flat systems require observations of both edge-on and face-on 
galaxies of the same type. The shapes of edge-on galaxies in the Z direction can easily be determined, 
and the disk and halo, if any, identified. Moreover, in such galaxies the boundaries of the distributions 
of stars of various types are easier to determine, since they are projected onto a small area of sky. 

Observations of face-on galaxies can be used to analyze the distribution of stars from the center 
to the periphery, which is not possible for edge-on galaxies. Thus, joint studies of galaxies viewed 
at different angles make it possible to study the spatial distributions of the constituent stars. Other 
criteria used to select our target objects included their rotational velocities (V r < 100 km s _1 ), 
morphological types (Irr, Irr/Sph), distances (D < 5 Mpc), and sizes. We used the rotational 
velocities as a check for their morphological types; i.e., irregular galaxies are known to have relatively 
low rotational velocities. We compiled a list of galaxies meeting our criteria and cross- identified it 
with the HST archive. Resolving galaxies beyond the Local Group into stars is difficult for ground- 
based telescopes, except for the brightest supergiants, whereas this is easy with the high spatial 
resolution of the HST. 

In addition to the images adopted from the archive of the Hubble Space Telescope, we used 
images of the three irregular Local-Group galaxies IC 10, IC 1613, and Pegasus obtained by us 
in 1999 with the 6-m telescope of the Special Astrophysical Observatory (SAO). In addition, the 
galaxies DDO 187, DDO 190, DDO 210, and SagDIG were observed in 1997 with the 2.5-m Nordic 
Optical Telescope (NOT). 

Observations with the SAO 6-m telescope were made with a CCD with a 2.52' x 2.5' field of view 
for the image scale of 0.137"/pixel. Observations at the NOT were made with the HiRAC camera 
equipped with a Loral CCD producing a 3.75' x 3.75' field of view for the image scale of 0.11"/pixel. 
The HST field is 2.5' in size and has an image scale of 0.1"/pixel. For many galaxies, these fields of 
view are too small to enable photometry of stars in the entire galaxy, but the required data about the 
stellar structure can be derived by selecting small galaxies or galaxies with efficiently chosen fields 
at appropriate locations along the major and minor axes. Our final list included 12 face-on and 12 
edge-on galaxies. In addition to the irregular galaxies, we also studied about twenty galaxies of other 
types, however, those results lie beyond the scope of this paper. 

Because of the large amount of observational data analyzed, we restrict our analysis here to the 
face-on galaxies. The table lists these galaxies and their main parameters, adopted from the NED 
database. The results for the two additional galaxies IC 10 and IC 1613 can be found in [15, 16]. 
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Figure 1: Central part (72" x 77" ) of GR8 as seen in the F550w and F814w HST images. The young, 
bright stars are concentrated in star-forming regions, whereas the fainter stars (mostly red giants) 
show a more extended and smoother structure. 

3 STELLAR PHOTOMETRY 

Prior to carrying out photometry of individual stars, we performed a standard preliminary reduc- 
tion of all the images, including dark-current subtraction, elimination of irregularities of the CCD 
sensitivity by dividing the image by a flat field taken at dusk, and removal of cosmic-ray traces and 
"hot" pixels. 

The images obtained from the HST archive did not require this procedure, which was performed 
automatically when we ordered the images from the archive. We extracted data for the stars and 
carried out the photometric measurements using the standard DAOPHOT II procedure in the MIDAS 
package [17]. To translate the instrumental magnitudes into the Kron-Cousins system, we carried 
out photometric observations of standard stars from the list of Landolt [18] on each night to derive 
the equations for the translation from the instrumental magnitudes to the BVRI system. 

The photometric measurements produced a list of coordinates, magnitudes, and accompanying 
parameters for the stars, which could be used to assess the photometric accuracy and differences of 
the photometric profiles of the objects studied from a standard stellar profile. 

4 MEASUREMENT OF THE SURFACE DENSITY OF 
STARS 

Figure 1 shows GR8, which is a typical irregular galaxy in our list. Figure 2 shows the Hertsprung- 
Russell diagram for this galaxy based on our stellar photometry, with regions occupied by different 
stellar types marked. We constructed distributions of various types of stars projected onto the plane 
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Figure 2: Color-Magnitude diagram for stars of the galaxy GR8. Regions of young ("blue"-blue 
supergiants and giants), intermediate ("AGB" -asymptotic giant branch), and old ("RGB"-red giant 
branch) stars are marked. 

of the galaxy (Fig. 3) and calculated the surface density of stars within annuli centered on the 
galaxy. We made the necessary corrections for the incompleteness of the stellar sample due to the 
asymmetric distribution of the four chips of the HST field relative to the center of the galaxy. 

Figure 4 shows the results for the 12 galaxies in the form of plots of the density distributions for 
young (blue and red supergiants) and old (red giants) stars. 

Star-forming processes that produce bright supergiants occur in all irregular galaxies. The pres- 
ence of bright stars and the nonuniform background brightness distribution in star-forming regions 
hinder photometry of relatively faint stars, including red giants. As a result, the density of red giants 
is underestimated in the central regions of galaxies, as can seen in Fig. 4. Another effect that de- 
creases the calculated stellar density in central regions of galaxies is the "blending" of stellar images 
due to the extreme crowdedness of the stars in the central regions of galaxies. The DAOPHOT pro- 
gram for stellar photometry removes such images from the list, interpreting them as being nonstellar. 
This decreases both the completeness of the sample and the calculated surface density of the stars, 
especially in the central regions of galaxies. We were able to compensate for these effects using the 
standard procedure of artificial-star photometry. However, the statistical influence of these effects is 
insignificant for stars at the periphery, and we excluded the parameters of the stellar distributions 
near the galactic centers when deriving the parameters for the exponential radial decrease of the 
stellar density. 
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Figure 3: Distributions of young (blue supergiants) and old (red giants) stars in GR8. All the young 
stars are concentrated near the central region of the galaxy, whereas the red giants form an extended 
structure resembling a thick disk. 

5 STRUCTURE OF THE IRREGULAR GALAXIES 

The results shown in Fig. 4 demonstrate that, despite the seemingly chaotic nature of the distri- 
bution of star-forming regions, they are nonetheless appreciably concentrated toward the centers of 
their galaxies, as can be seen in the density distributions for the young stars. It is obvious from 
a comparison of the morphologies of galaxies with different masses that the star-forming regions 
in more massive galaxies begin to be concentrated into spiral-arm type structures, which, however, 
remain barely distinguishable. 

While the young, blue stars are concentrated in star-forming regions, giving the galaxy its irregular 
appearance, the red giants have a smoother distribution. Their surface-density contours accurately 
indicate the center of the galaxy, and can be used to estimate its inclination to the line of sight. 
In all the galaxies, the red supergiants extend much farther from the center than the blue giants 
(Fig. 4). The ratio of the sizes of the corresponding spatial structures can reach five (IC 10), but its 
mean value is 2.5-3.0. The domains occupied by red giants have fairly welldefined boundaries, with 
very few, mostly foreground, stars seen beyond them. An analysis of the density distribution of red 
giants in IC 10 revealed a thick disk with a sharp boundary [15]. An even larger structure extending 
beyond the thick disk has a different density gradient than the thick disk. Thus, this galaxy exhibits 
a complex structure consisting of a thick disk and halo, similar to the structure of spiral galaxies [19, 
20]. IC 10 differs from the other irregular galaxies in our list only in its luminosity (mass), suggesting 
that it is a galaxy's mass that determines whether it has a genuine halo. Although the small numbers 
of such galaxies prevent us from drawing firm conclusions, this observational fact can, nevertheless, 
be easily explained if there is an overall population of disk galaxies, whose low-mass and high-mass 
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members have come to be known as irregulars and spirals, respectively. The reality of such a unified 
scheme is supported by the continuous range of physical parameters for irregular and spiral galaxies. 
In this case, the presence of a halo around a galaxy is determined only by the mass of the galaxy, 
and not by its membership in some artificially defined class of irregular or spiral galaxy. 

The stars at the peripheries of galaxies have stable orbits, implying that all evolved invisible stars 
should be located within the boundaries outlined by the current distribution of red giants. In other 
words, if the dark matter in galaxies consists of the remnants of stellar evolution, the boundaries of 
the distribution of this matter can be determined by analyzing the distribution of red giants. 

6 CONCLUSIONS 

Our analysis of the stellar populations in 12 irregular face-on galaxies has led to the following con- 
clusions. 

(1) The radial distributions of stars of different types in the galaxy show exponential decreases, 
similar to the behavior of a disk component. 

The rate at which the stellar density in a given galaxy decreases depends on the age of the stars. 
Younger stars show more rapid density decreases toward the periphery than older stars. 

(2) The stellar populations of galaxies have fairly sharp boundaries if these boundaries coincide 
with the cutoff of the disk formed by red giants. 

(3) Our stellar density measurements show that old stars form disks that extend a factor of two 
to three further than the visible isophotal sizes at 25 m /arcsec 2 . 

(4) All these conclusions refer to dwarf galaxies. Our preliminary studies show that massive 
irregular galaxies may possess a more extended genuine halo, in addition to a thick disk, as is 
observed in IC 10. 
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Figure 4: Color-magnitude diagrams and radial distributions of stellar density in irregular galaxies. 
All the color-magnitude diagrams show both young, blue stars (open circles) and stars with ages of 
several billion years (filled squares). On the radial distribution plots, young stars occupy the visible 
regions of the galaxies, whereas the red giants, whose density decreases exponentially from the center, 
can easily be traced to much greater galactocentric distances. 
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